We demonstrate an integrated silicon nitride/III-V laser leveraging the narrowband backreflection of a high-Q microring resonator for output coupling and feedback. We measure a 13 kHz linewidth with 1.7 mW output power around 1550 nm. Narrow linewidth lasers are critical for a wide range of applications that require either long coherence lengths or superior phase sensitivity. These include optical communications, sensing, spectroscopy, light detection and ranging (LIDAR), quantum optics, and atomic clocks. Optical communications is of particular interest as network capacity demands rapidly grow. In order to expand the capacity of optical links, advanced modulation formats using coherent systems have emerged, but the required laser linewidths can reach down to the kHz level [1] . As optical communication links move towards integrated platforms to address the size, power, and cost of optical transceivers, on-chip lasers have also been developed [2] [3] [4] [5] .
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We present a compact Si3N4 hybrid laser with low-loss waveguides and a small footprint. In contrast to silicon, silicon nitride (Si3N4) is not limited by nonlinear absorption and is transparent out to visible wavelengths, while also having a high refractive index (~2.0) to allow for compact devices. These make Si3N4 an attractive material platform for integrated laser cavities [6] [7] [8] . Here we use highly confined Si3N4 waveguides to achieve low propagation losses and tight bends, enabling a narrow-linewidth tunable laser cavity in a sub-mm chip area.
We use a high quality factor (Q) Si3N4 microring resonator as a combined filter, output mirror, and propagation delay to achieve linewidth reduction. The laser consists only of a gain section and two mirrors, one of which is the high-Q microring (Fig 1a) . The ring resonator acts as a partial reflector as well as a tunable filter, by taking advantage of the coupling between the counter-clockwise (CCW) and the clockwise (CW) propagation modes, which occurs as a result of minor scattering along the cavity [9] [10] [11] . When the Q is sufficiently high, power builds up in the cavity such that light can fully couple from CW to CCW or the reverse, resulting in an effective reflection. Because the reflection has a narrow bandwidth, the microring also filters the cavity modes. Tuning the r resonance and adjusting the cavity phase allows the lasing wavelength to be selected.
To achieve a narrow laser linewidth, we utilize the high-Q microring as external cavity feedback and take advantage of the long effective length of the ring. Using the microring resonator as an external cavity reduces the noise [12] . The low propagation loss and low coupling strength of the microring effectively increases the cavity length L according to Leff = We form the laser by edge coupling a III-V reflective semiconductor optical amplifier (RSOA) to the Si3N4 We use a commercially available RSOA (Thorlabs SAF1126) to provide a wide gain bandwidth near 1550 nm. The RSOA has a reflection of 93% at one facet and is anti-reflection coated on the other, which is coupled to a tapered Si3N4 waveguide fabricated using the process described in [13] . The taper is oriented at an angle with respect to the facet to avoid reflections. The Si3N4 waveguide couples to a 120 m radius microring resonator. We use a coupling gap of 480 nm and wide waveguides with cross-section 730×1800 nm to localize the optical mode. The output waveguide is then coupled to a lensed fiber to measure the output of the laser.
We measure the quality factor of the Si3N4 7 , which in the laser configuration corresponds to an effective length of over 1 meter. Using the measurements of the transmission of the Si3N4 chip alone (Fig. 1c) , we fit the microring resonance bandwidth to an 18 MHz Lorentzian, indicating a Q0 of 1.34×10 7 , a QL of 1.05×10 7 , and an ultra-low propagation loss of 2.2 dB/m. We use a circulator to measure the reflection spectrum of the microring, which is also shown in Figure 1c . On resonance there is a strong 20% reflection. From the transmission and coupling, we calculate Leff of the microring eved in an area of about 5×10 -2 mm 2 on the chip. We observe single-mode lasing and greater than 1 mW of output power from the assembled laser. Figure 2a rrent is 52 mA, above which the slope efficiency is 48 mW/A. The laser, which is uncooled, has a maximum observed output power of 1.66 mW at 90 mA. Figure 2b shows that as we tune the resonance of the ring using the integrated heaters, we observe lasing at 1571 nm, a 27 nm range.
We measure a 13 kHz linewidth from the laser using a delayed self-heterodyne (DSH) setup. The linewidth is narrower than the resolution of our OSA, so we perform DSH with a 12 km delay because it allows measuring narrow linewidths without the need for a reference laser. Figure 2c shows the measured beat note of our integrated ls, corresponding to a linewidth of 13 kHz, which is among the narrowest demonstrated in integrated lasers with widely adjustable wavelength. We have demonstrated a compact, integrated Si3N4 hybrid laser with a narrow 13 kHz linewidth and widely tunable wavelength. Our design leverages the narrowband reflection generated by backscattering in a high-Q Si3N4 microring to act as an output mirror and to provide laser linewidth reduction owing to an effective length of over . Further enhancements in cavity parameters could allow much narrower linewidths on a Si3N4 platform, which may otherwise be far beyond the reach of silicon.
